For the results of pulmonary function testing to be valid, the examination must be administered by a knowledgeable technician and the instrument must fulfill performance criteria. In general, most small to mid-sized industries rely upon local medical clinics to provide pulmonaryfunction tests. Because of this, a survey was undertaken to study the pulmonary function testing services available at occupational medical clinics in a large metropolitan area. The purpose of this studywas:
1. to determine the percentage of clinics complying with the program prerequisites mentioned above, and 2. to identify the other predictive characteristics of clinics more likely to meet these standards.
A random sample of occupational medical clinics providing pulmonary function testing were selected for this study. Of the 31 clinics providing pulmonaryfunction testing services, a random sample of 14were chosen to pertici-366 ByEileen Burke-J<Je!n, RN, MS pate; for these clinics, administrators and/or physicians were interviewed and testing equipment was examined. It was found that17% of clinics employed certified technicians to conduct testing and 42% had instruments meeting performance specifications. Overall, only 8% of the sample met both prerequisites. No significant relationship was found between selected variables that it was hoped would identify clinics more likely to perform valid pulmonary function testing. It is believed that a larger sample size would be necessary to establish such significant correlations.
INTRODUCTION
Assessment of an individual's ventilatory capacity prior to job placement and on a periodic basis is now a commonplace procedure. Pulmonary function screening has been recommended for all employees with potential exposures to numerous hazardous agents as well as for evaluation of "fitness" foruse of respirators CAmerican National Standards Institute, 1984; University of California, 1981) . It is nowvvell recognized that pulmonary function testing, in conjunction with the medical historyand physical examination, can aid in identification of individuals with pre-existing functional impairments of the lung or unusual susceptibility to an environmental agent prior to job placement, and can also aid in the early detection of occupational disease. Pulmonary function measurements -FYC, FEY" and FEY,IFYC -are often capable of detecting respiratory abnormalities well before x-ray changes or evident symptomatology (Horvath, 1979) , Unfortunately, if recommended standards for testing are not followed, pulmonary function results maynot be valid. A published study noted that shortcomings in such testing commonly arise from inadequate understanding of what constitutes a valid test by the technician and consequent poor performance by the student (Lewis, 1981) . Since spirometry depends on subject cooperation and a maximal effort, the technician's role is paramount in motivating the subject and in recognizing when compliance has been less than ade- 
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68 imal effort during inspiraton and expiration, incompletely recorded expiration, a second breath taken during expiration, leaks, and others (Townsend, 1984) . Tests may also be invalid when performed on instruments failing to meet minimum performance standards (Horvarth, 1979) ,
To aid in ensuring test result validity, uniform standards for testing technique and instrument performance have been developed. For example, clinical and epidemiological specialists, representing the American Thoracic Society, NIOSH, and medical schools participated in the Snowbird Workshop (1977) on the stan-dardization of pulmonary function testing. At this meeting, minimal standards were developed for each measure of pulmonary function. In addition, in June 1978, OSHA promulgated the cotton dust standard that included detailed performance criteria for apparatus used in pulmonary function testing, techniques used for measuring lung capacity, and identified desirable qualifications for the testor (Hamilton, 1980) . Standards developed at the workshop and in the cotton dust standard were identical with the exception of testor qualification -the workshop's recommendations did not specify that the testor had to be certified by completion of an approved course in pulmonary function testing (American Thoracic Society, 1977) . However, it is generally accepted that the technician be adequately trained (MOHN, 1983; Horvath, 1979; Weill, 1973; NIOSH, 1981; OSHA, 1978) ,
PROBLEM IDENTIFICATION
As an occupational health consultant, employee screening with pulmonary function testing is often recommended to management. Follow-up consultation, including a review of randomly selected tests, would commonly reveal that tracings did not meet criteria for a sound test. Such findings provoked the author's interest in further study of this topic.
The purpose of this pilot study was to determine the effectiveness of pulmonary function testing as currently performed in an occupational health clinic setting. This problem was approached by first determining whether a certified technician performed the tests using an instrument meeting minimum performance standards. Following this, an attempt was made to identify characteristics of clinics more likely to conduct reliable testing. The working hypothesis was that clinics conducting more than 75 tests a month, having a program under the direction of a board-certified occupational physician, and testing performed by a certified occupational health nurse, would be more likely to comply with currently accepted standards of pulmonary function testing.
MATERIALS AND METHODS
The medical clinics surveyed in this study were drawn from the Los Angeles County telephone directory (n = 112), Each clinic was contacted by telephone to determine availability of pulmonary function testing services and if the clinic MOHN JOURNAL 
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Specifications
specialized in occupational health. Initial survey results revealed 28% (n = 30) of clinics provided pulmonary function testing services to industry and a random sample of 14 of these clinics were chosen for inclusion in the study. A clinic representative (usually, the marketing agent) was contacted by the author, and the purpose of the study was described. This contact was also informed of the author's role as an occupational health nurse affiliated with an insurance company. Interviews were then conducted at all locations and a survey questionnaire was completed. One spirometercharacteristic, inertia and resistance to airflovv, was deleted from the original survey because clinic personnel were not able to readily supply this information.
The results of this study were analyzed by simple statistical techniques (chi-square test).
RESULTS
The results of the initial clinic survey are shown in Table 1 . As can be seen, only 8% of clinics surveyed offered pulmonary function testing that met all prerequisites for a valid program; 42% utilized equipment that met specifications, while only 17% employed certified technicians.
The detailed results of the survey of spirometer adequacy are presented in Table 2 . While most instruments had adequate volume, paper speed, and BTSP correction, 33% could not accumulate volume for ten seconds, and 42% could not be calibrated adequately.
DISCUSSION
The findings of the preliminary survey are important in light of the accepted role of pulmonary testing in screening for occupational lung disease and the wellestablished criteria for the training of personnel and performance of instruments to be used in such a program. As Unfortunate~if recommended standards for testing are not followed, pulmonary function results may not be valid.
noted above, of a random sample of clinics performing pulmonary function testing for occupational health screening, only 8% met even the most basic requirements for adequate testing. Furthermore, satisfying some requirements was not necessarily linked to program adequacy: for example, the finding of 17% of clinics with certified technicians could not be correlated with utilization of adequate spirometers.
The major potential source of error in the present study is its small sample size. Because of this, the study is currently being expanded to better determine the statistical significance of the preliminarystudy's findings.
